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INTRODUCTION




formulated	 competencies	 needed	 to	 encounter	
the	world	 development	 in	 21th	 century.	They	
are	critical	thinking	and	problem	solving	skills,	


















namely	 observing,	 questioning,	 exploring,	
associating,	and	communicating.		The	five	phases	
are	interrelated	as	foundations	to	develop	students’	
skills,	 attitudes,	 and	 knowledge.	 In	 science	
education,	including	biology,	the	learning	process	
with	 the	 scientific	 approach	 is	 similar	 to	 the	
essential	characteristics	of	the	inquiry	approach	
(Chiappetta	&	Koballa,	2015).		The	five	essential	
characteristics	 of	 inquiry	 are	 posing	 inquiry	
questions,	conducting	inquiry,	explaining	evidence	
to	 answer	 questions,	 explaining	 connection	
between	 evidence	 explanation	 and	 scientific	
knowledge,	and	communicating	explanation.									
The	 implementation	 of	 the	 scientific	 or	
inquiry	approach	on	biology	learning	of	the	2013	
Curriculum	 at	 schools	 demands	 teachers	 and	
preservice	 teachers	who	 own	 the	 competency	





professional	aspects	in	Permendikbud Nomor 16 
Tahun 2007 tentang Standar Kualifikasi Akademik 
dan Kompetensi Guru.	The	 combination	 is	 in	
accordance	with	 the	 concept	 of	 pedagogical	
content	 knowledge	 from	Shulman	 (1986).	 In	
pedagogical	 content	 knowledge,	 pedagogy	
knowledge	 is	 not	 separated	 from	 the	 subject	
matter	 or	 content	 knowledge.	Understanding	
the	 content	 and	 the	 thinking	process	 related	 to	
the	 content	 becomes	 a	 part	 of	 the	 pedagogical	
aspect	development	i.e.	planning	and	conducting	
instruction.		
Efforts	 to	 improve	 the	 biology	 teacher	
competency	in	implementing	the	inquiry	teaching	
has	 been	 done	 through	 trainings.	 Since	 2013,	





teacher	 education	 institutions.	A	 case	 study	on	
preservice	biology	teachers	at	Faculty	of	Teacher	
Training	and	Education	of	Bengkulu	University	
showed	 that	 the	 competency	 of	 the	 inquiry	




the	 ability	 to	 solve	 problems	 in	 analyzing,	
planning,	 and	 conducting	 the	 inquiry	 teaching.	
The	 problem	 solving	 ability	 through	 the	 use	
of	 knowledge	 is	 a	 part	 of	 Indonesian	National	
Qualification	Framework	 (Peraturan Presiden 
Nomor 8 Tahun 2012 tentang KKNI)	 on	 levels	
6	and	7	 for	 teacher	education	graduates	 (Dikti,	
2012).	The	 problem	 solving	 skill	 is	 the	most	




learning	 taxonomy	 of	 Bloom.	 The	 problem	







In	 order	 to	 develop	 the	 inquiry	 teaching	
competency	 of	 presevice	 biology	 teachers	
through	 problem	 solving,	 there	 is	 a	 need	 to	
change	 the	 instruction	model	 of	 pedagogical	
content	 knowledge	 courses	 in	 the	 teacher	
education	institution.	The	courses	are	both	in		the	
category	 of	 teaching	 process	 skill	 courses	 and	
subject	matter	 courses.	 In	 the	 core	 curriculum	
of	 teacher	 education	 (Ditjen Dikti, 2012),	 the	
first	 category	 courses	 are	 about	 theory	 and	
practice	 in	 the	 teaching	process.	These	courses	
include	 courses	 of	Biology	Teaching	Strategy.	
The	 subject	matter	 courses	 category	 is	 related	






for	preservice	 teachers	 to	develop	 their	 inquiry	
teaching	 competency.	An	 emphasis	 on	 active	
learning	 is	 in	 accordance	 to	 teaching	 standard	
in	higher	education	(UU Nomor 12 Tahun 2012 
tentang Pendidikan Tinggi).	One	active	learning	












2014).	 The	 PBL	 model	 development	 and	
implementation	 on	 general	 education	 courses	
and	biology	education	courses	were	conducted	on	
courses	of	Science	Teaching	(Fakhriyah,	2014),	
Introduction	 of	 Education	 (Redhana,	 2013),	
Teaching	 Planning	 (Saguni,	 2013),	 Biology	
Teaching	Strategy	(Sugiharto,	Prayitno,	&	Suciati,	











Experience	 Program	 I,	 and	 Field	 Experience	
Program	II;	and	2)	to	describe	expert	evaluation	
of	 the	 developed	 PBL	model.	This	 study	 can	
contribute	to	enrich	knowledge	on	the	PBL	model	
in	 higher	 education,	 especially	 on	 preservice	
science	 teacher	 education.	 Practically,	 the	













an	 authentic	 problem	 is	 a	 problem	 related	 to	
teaching	 and	 learning,	 for	 example	 a	 problem	
of	 various	 student	 learning	 styles	 (Karakas,	
2008),	 class	management,	 learning	assessment,	








a	problem	 that	 cannot	be	 solved	with	 a	 simple	
answer	 and	 there	 are	 various	 solutions	 to	 it.	

















O’Sullivan,	 2011;	 Setiawan	&	Susilo,	 2015),	
critical	 thinking	 (Fakhriyah,	 2014;	 Redhana,	
2013;	 Rusyana	&	Rustaman,	 2011),	 concept	
understanding	 (Sugiharto,	 Prayitno,	&	Suciati,	
2011;	Safryadi,	Ali,	&	Nurmaliah,	2013),	science	
teaching	 skills	 (Thomas	 et	 al.,	 2013),	 problem	




Borhan	 (2014)	 showed	 that	 the	model	 could	
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develop	skills	needed	by	future	 teachers	which	








Arends	 (2008)	 developed	 PBL	 syntax	 in	 five	
phases	 i.e.	problem	orientation,	organization	of	







problem	 analysis,	 discovery	 and	 reporting,	
solution	presentation	and	reflection,	 integration	
and	evaluation.		Safryadi,	Ali,	&	Nurmaliah	(2013)	





collaborative	 problem	 solution,	 presentation,	
evaluation,	and	reflection.
Solving	 problems	 on	 PBL	 is	 conducted	
actively	 by	 students	 through	 an	 independent,	
cooperative,	 and	collaborative	 learning	process	
(Tan,	2004).	Students	are	encouraged	to	regulate	
themselves	 and	 to	 be	 responsible	 to	 the	 group	
learning	process.	It	is	expected	that	a	dialogue	and	
colllaborative	problem	solving	occurs	in	groups,	









learning	 conditions,	 guiding	 interactions	with	
academic	attitudes	among	students,	encouraging	




solving	 process	 and	 result,	 evaluating	 group	
performance	and	giving	constructive	feedbacks	
on	 it	 (Fry,	 2009).	 	Arends	 (2008),	De	Simone	
(2014),	and	Tan	(2004)	argued	that	a	facilitator	
should	 also	 able	 to	 present	 complex	 problems	
that	 need	 higher	 thinking	 to	 solve	 as	 a	 basis	
of	 PBL.	A	 facilitator	 should	 encourage	 each	
individual	in	groups	to	contribute	on	solving	the	











and	 probing	 questions	 in	 guiding	 students.	 In	
addition	 to	guidance	 and	 feedback,	 availability	
of	learning	resources	and	the	guidance	on	using	






Gall,	Gall,	&	Borg	 (2003),	 this	 approach	 had	
been	 used	mostly	 in	 educational	 research	 and	
development.	 The	 development	 of	 the	 PBL	
model	 in	 this	 study	 consists	 of	 seven	 from	 ten	
components	 of	 the	 approach,	 including:	 1)	
instructional	goal	identification,	2)	instructional	
analysis,	 3)	 learner	 and	 context	 analysis,	 4)	
objective	performance	formulation,	5)	assessment	
instrument	development,	6)	instructional	strategy	
development,	 7)	 selection	 and	 development	 of	
instructional	materials.	At	 the	 sixth	 component	










Carey,	&	Carey,	 2015).	 Evaluation	 is	 needed	






sheets,	 and	 the	 inquiry	 teaching	 competency	







part	 and	 an	 open-ended	 assessment	 part.	The	











The	 quantitative	 descriptive	 analysis	 used	 the	




by	 both	 experts,	 and	 on	 similar	 and	 specific	
suggestions	from	the	open-ended	evaluation.	
RESULT AND DISCUSSION
PBL Model on Courses of Biology Teaching 
Strategy, Field Experience Program I, and 
Field Experience Program II 
The	 developed	PBL	model	 on	 the	 three	
biology	education	courses	is	described	based	on	
the	teaching	model	aspect	from	Joyce,	Weil,	&	
Calhoun	 (2011),	 the	 characteristics	 of	 the	PBL	







The	 instructional	 effects	 of	 the	 PBL	
model	 on	 the	 three	 biology	 education	 courses	
were	formulated	 in	 the	beginning	of	 the	model	
development	 in	 the	 form	students’	 competency	
standard.	The	competency	standard	formulation	
was	based	on	KKNI	(Peraturan Presiden Nomor 
8 Tahun 2012),	the	teacher	competency	standard	
(Peraturan Menteri Pendidikan Nasional Nomor 
16 Tahun 2008),	 and	 the	 preservice	 teacher	
















teacher	 including	 being	 diligent,	 independent,	
able	 to	collaborate,	creative,	and	being	critical;	
2)	 understanding	 the	 inquiry	 teaching	 strategy	
in	the	2013	Curriculum;	3)	being	able	to	analyze	
the	inquiry	biology	teaching	strategy	to	overcome	




including	 being	 diligent,	 independent,	 able	
to	 collaborate,	 creative,	 and	 being	 critical;	 2)	
creating	and	implementing	the		inquiry	biology	
teaching	 plan	 to	 overcome	 inquiry	 learning	
problems.	The	 basic	 competencies	 of	 the	 two	
field	 experience	 programs	 are	 similar	 because	
the	 courses	mainly	 comprise	 teaching	practice.	
The	difference	between	 the	 two	courses	 is	 that	
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consisted	of	five	phases	i.e.	problem	identification,	
problem	 solving	 planning,	 problem	 solving	
execution,	 problem	 solution	 presentation,	 and	
problem	solving	reflection.	The	five	phases	were	
conducted	 repeatedly	 on	 several	 improvement	














strategy	 to	 overcome	 students’	 problem	during	
inquiry	 learning	 problem;	 2)	 How	was	 the	
design	of	the	inquiry	biology	teaching	strategy	to	
overcome	students’	problems	during	the	inquiry	






based	 learning	model	 (Table	 1).	The	problems	
Table 1. PBL model syntax on BTS course
Table 2. PBL syntax on FEP I dan FEP II course
53
on	 students’	 inquiry	 learning	were	 unreal	 but	
authentic	based	on	 the	previous	observation	of	
inquiry	 biology	 teaching	 at	 schools.	 Problem	
solving	in	Cycle	II	was	an	improvement	of	 the	
process	 in	Cycle	 I,	 and	 so	 forth.	The	 second	
problem	of	PBL	in	the	BTS	courses	was	solved	in	
Cycle	V.	Each	group	of	preservice	teachers	created	
a	 design	of	 an	 inquiry	 teaching	 strategy	 in	 the	
form	of	the	scientific	approach	to	solve	students’	





design	of	 the	 inquiry	biology	 teaching	strategy	
to	 overcome	 students’	 problems	 during	 the	
inquiry	 learning?	2)	How	was	 the	execution	of	
the	 inquiry	biology	 teaching	 strategy	design	 to	
overcome	 students’	 inquiry	 learning	problems?	
The	student	problem	in	the	inquiry	learning	in	FEP	
I	was	a	simulated	problem	based	on	the	previous	




learning	 problem	was	 an	 authentic	 problem	
observed	directly	by	preservice	teachers	from	the	
previous	inquiry	biology	teaching	by	teachers	at	
schools.	Three	 inquiry	 biology	 teaching	 cycles	
were	conducted	by	each	preservice	teacher	during	
the	guided	practice	session.	
The	 social	 system	of	 the	PBL	model	 on	
the	 three	 educational	 biology	 courses	 included	
students-instructor	interaction,	student	interaction	
in	and	between	groups.	During	the	course	activity	
in	 the	 semester,	 student-instructor	 interaction	
time	was	less	than	student	interaction.	Student-
instructor	 interaction	was	 conducted	 especially	











and	 2)	 one	 problem	 in	 designing	 the	 inquiry	





encouraged	 to	 criticize	 each	 other	 about	 their	
solution	to	the	problem.		
In	FEP	 I	 and	FEP	 II	 courses,	 the	groups	
of	 preservice	 teachers	 discussed	 and	worked	
cooperatively	 in	 the	planning	phase	 to	create	a	
design	of	inquiry	biology	teaching	to	overcome	
students’	inquiry	learning	problems.	The	groups	
consisted	 of	 two	 preservice	 teachers.	 In	 the	
execution	and	presentation	phases,	an	individual	
preservice	 teacher	 practiced	 inquiry	 biology	
teaching.	The	 partner	 	 in	 each	 group	 acted	 as	











as	 a	 facilitator	 and	 a	 tutor.	As	 a	 facilitator,	 the	
instructor	determined	 the	content	of	 the	course	








was	 actively	 guiding	 the	work	 of	 preservice	
teachers	rather	than	lecturing.	The	guidance	was	
decreased	gradually	 through	 the	PBL	cycles	 in	
order	for	the	preservice	teachers	to	develop	their	





form	of	 learning	media,	 facilities,	 and	 learning	
resources	such	as	biology	teachers	and	the	real	
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biology	teaching	process	at	schools.	The	learning	
media	 include	examples	of	 the	 inquiry	biology	




the	 interview	with	 biology	 teachers	 and	 the	
observation	 of	 biology	 teaching	 at	 schools	 by	
preservice	teachers	during	the	internship	program	
became	the	resources	for	identification	of	students’	
inquiry	 learning	 problems.	 The	 internship	
program	 is	 a	 one-week	program	 for	 preservice	
teachers	to	make	an	observation	on	the	learning	
process	at	schools,	and	learn	about	the	curriculum	












process.	Therefore,	 the	 learning	 phases	were	
consecutively	described	as	problem	identification,	
problem	 solving	 planning,	 problem	 solving	
execution,	 problem	 solving	 result	 presentation,	
and	problem	solving	reflection.	In	addition,	the	
phases	 of	 the	 PBL	model	were	 conducted	 in	
several	improvement	cycles.	
According	 to	 the	 expert	 evaluation,	
the	 developed	 PBL	model	 was	 appropriate	
for	 developing	 the	 inquiry	 biology	 teaching	
competency	of	preservice	teachers.	The	inquiry	
biology	teaching	competency	formulated	as	the	










The	 problems	 as	 the	 basis	 on	 the	 three	
biology	 education	 courses,	which	were	 related	
to	the	implementation	of	the	scientific	approach	
as	 generic	 approach	 of	 the	 2013	Curriculum,	
were	 a	 current	 issue	 at	 schools.	Therefore,	 the	
problems	 could	 be	 considered	 as	 authentic	
problems.	According	 to	De	Simone	(2014)	and	
Karakas	(2008),	authentic	problems	in	a	teaching	
profession	 context	were	 	 problems	 related	 to	
teaching	 at	 schools.	The	problem	 selected	was	
also	 in	 accordance	 to	 the	 recommendation	 of	
Loughran	(2006)	and	Collins	&	Gillespie	(2009),	
that	 is,	 to	 include	 real	 teaching	 problems	 at	
schools	in	courses	for	preservice	teachers	so	that	














the	 presentation	 of	 the	 problem	 solving	 result	
encouraged	the	development	of	open-mindedness	
attitude	and	reflective	thinking	to	revise	meaning	
when	 needed	 (Tan,	 2004).	The	 provision	 and	
guidance	 in	 using	 learning	 resources	 could	
support	 student	 active	 involvement	 (Brears,	
MacIntyre,	O’Sullivan,	2011,	De	Simone,	2014;	
Fry,	Ketteridge,	Marshall,	2009).
Expert Evaluation on the Developed PBL 
Model 














In	 the	 syntax	 aspect	 of	 the	 PBL	model,	
the	 appropriateness	with	 principles	 of	 gradual	
learning	and	learning	through	contextual	problem	
solving	was	evaluated	as	not	yet	optimal	because	
it	was	 not	 explicitly	 described	 in	 the	 scenario	
in	 the	 teaching	 activity	 unit	 plan.	Therefore,	 it	
was	 suggested	 that	 the	 teaching	 steps	 in	 each	
course	 session	 should	 be	 described	 in	 each	
course	 plan.	The	 tables	 of	 the	 developed	PBL	
syntax	were	suggested	to	be	improved	for	easier	
understanding.	The	experts	had	the	opinion	that	
the	 developed	PBL	model	was	 a	 simulation	 of	
preservice	 teachers	work	when	 they	 became	
teachers.	Understanding	the	construction	of	 the	
inquiry	 teaching	 strategy	 through	 those	 course	
activities	would	have	a	high	level	of	retention.	
The	 teaching	 activity	 to	 encourage	
individual	or	group	interaction	with	the	instructor	
in	the	social	aspect	was	also	evaluated	as	not	yet	
optimal	 by	 the	 two	 experts.	The	 social	 aspect	
of	the	developed	PBL	model	was	related	to	the	
instructor	 role.	 Preservice	 teachers’	 interaction	
with	 the	 instructor	 and	 among	 themselves	was	
suggested	to	be	described	in	detail	in	the	teaching	
activity	 unit	 plan.	 In	 addition,	 for	 each	 basic	
competency	indicator,	its	interaction	activity	and	
teaching	strategy	should	also	be	described.








In	 the	 aspect	 of	 the	 instructional	 effect,	
the	developed	PBL	model	on	 the	 three	biology	
education	 courses	 generally	 was	 evaluated	
as	 very	 good.	According	 to	 the	 experts,	 	 the	
PBL	model	 could	 develop	 learning	 outcome	
emphasized	on	problem	solving	skills	including	
critical	and	creative	thinking	skills.	The	critical	
thinking	was	 developed	 during	 the	 process	 of	
analyzing	the	inquiry	biology	teaching	scenario	
and	 the	 inquiry	 biology	 teaching	practice.	The	
creative	thinking	was	developed	when	preservice	
teachers	developed	the	inquiry	teaching	scenario.	
The	 assessment	 strategy	 and	 instrument	 of	 the	









that	 the	 developed	 PBL	 model	 should	 be	
improved.	According	to	 	Dick,	Carey,	&	Carey	





on	 the	 three	 biology	 education	 courses,	 i.e.	
Biology	Teaching	 Strategy,	 Field	 Experience	
Program	I,	and	Field	Experience	Program	II	 to	
improve	the	inquiry	teaching	ability	of	preservice	




presentation,	 and	 problem	 solving	 reflection.	
Those	 PBL	 model	 phases	 were	 conducted	
repeatedly	in	the	improvement	cycle	of	problem	
solving	 during	 the	 course	 semester.	The	 PBL	
model	was	generally	evaluated	as	very	good	by	





formulation	of	 instructional	 effects	 reflected	 in	
the	syllabus,	course	activity	unit,	and	the	course	
materiel	including	assessment	instruments	of	the	
preservice	 teachers	 competency	on	 the	 inquiry	
biology	 teaching.	The	development	of	 the	PBL	
model	 should	 be	 adjusted	with	 certain	 course	
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